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BITUMINOUS SURFACE TREATMENT OF SAND-CLAY 
AND TOPSOIL ROADS 


REPORT ON A COOPERATIVE STUDY BY THE BUREAU OF PUBLIC ROADS AND THE ASPHALT 
INDUSTRY 


HIS REPORT on the surface treatment of sand- 
clay and topsoil roads with bituminous materials 
represents the first stage of a general investigation 
of low-cost roads now being conducted by the Bureau 
of Public Roads and the asphalt industry. This 
general investigation includes a survey of existing types 
of low-cost road construction, for the purpose of evalu- 
ating work already done and of presenting descriptions 
of methods and materials which seem to produce the 
best results as developed from a detailed study of 
selected sections of highways of each type. 
This report is issued for the purpose of supplying 
immediate information resulting from project surveys 
of bituminous-treated sand-clay and topsoil roads. 


BituMInous SuRFACE TREATED SAanpD-Cuay Roap. 


insure intimate admixture in proper proportions of the 
sand and clay. Topsoil is a natural mixture of sand, 
including coarser mineral particles, and clay as found 
in surface deposits and is frequently stripped from the 
fields. For all practical purposes it may be considered 
as a natural sand-clay possessing characteristics satis- 
factory for use without modification. 

Data obtained in this survey is largely confirmed by 
investigations of low-cost improved roads by C. N. 
Connor! and studies of gravel, topsoil, and sand-clay 
roads by C. M. Strahan,” and others indicate that the 
cost of construction of sand-clay and topsoil surfaces 
lies between $1,300 and $2,600 per mile, varying largely 
with length of haul, and with a maintenance cost of 





Section 1 In Fuoripa BETWEEN PENSACOLA AND 


TALLAHASSEE 


UNTREATED SAND-CLAY AND TOPSOIL ROADS LIMITED IN TRAFFIC 
CAPACITY AND OFTEN HIGH IN MAINTENANCE COST 


Thousands of miles of sand-clay and topsoil roads 
have been constructed in the southeastern portion of 
the United States and lesser mileages in other sections. 
The wearing course of an untreated road consists of a 
mixture of sand and clay produced by transporting 
natural mixtures from near-by deposits or by incor- 
porating sand or clay, as the case may require, with 
the natural soil. The characteristics of a mixture of 
sand and clay necessary to produce a satisfactory road 
surface are well understood by those experienced in 
their construction. Satisfactory mixtures have been 
found to consist of from 70 to 85 per cent sand, 5 to 
10 per cent clay, and from 10 to 20 per cent silt. Mix- 
ing of materials on the road is frequently required to 


87910—30——1 


between $300 and $600 per year. When untreated, 
the traffic which they can economically and satisfac- 
torily serve seldom exceeds 400 vehicles per day, includ- 
ing light trucks, Under such traffic the average annual 
loss in surfacing material may lie between } and 1 
inch. Under heavier traffic the loss may run substan- 
tially higher. Replacement of such material is there- 
fore quite an item of maintenance, in some cases 
amounting to as much as $500 per mile per year. 
While superior to the average graded earth road, 
the untreated sand-clay and topsoil road becomes 
softened during prolonged wet spells and is very dusty 





oy oe 2 of the Proceedings of the Seventh Annual Meeting of the Highway Research 
oard. 

2 The results of a study of construction methods and service value are contained 
in A Study of Gravel, Topsoil and Sand-clay Roads in Georgia by C. M. Strahan, 
Public Roads, vol. 10, No. 7. 
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in dry weather. It is in the best condition when the 
mixture of sand and clay contains sufficient moisture 
to prevent it from being dusty but not sufficient to 
cause it to soften. When in this condition and laid 
upon a satisfactory subgrade, its traffic-carrying capac- 
ity is excellent. These roads are usually made at least 
20 feet wide, with a thickness of from 6 to 9 inches in 
the center and tapering to about 4 inches at the side. 
Sometimes the feather edge method is used and the 
materials are spread to cover practically the entire 
width of the roadway. The crown used varies from 
¥ to % inches to the foot. 


SURFACE TREATMENTS SUCCESSFULLY APPLIED TO SAND-CLAY 
AND TOPSOIL ROADS 


During the past few years there has been considerable 
interest in the improvement of sand-clay and topsoil 
roads by surface treatment with bituminous materials, 
so as to create a better year-round wearing surface 
and increase their traffic-carrying capacity. An ap- 
preciable mileage of road has already been successfully 
surface treated with bituminous materials and results 
have been so promising and economical that such 
work is being extensively prosecuted where funds are 
available. It is felt that there are great possibilities 
in surface treatment and it is probable that further 
study of materials and methods will develop improve- 
ment so that the average results will be as good or 
better than the best work already done. Such study 
should eliminate the chances of failure that now 
exist because of lack of information regarding certain 
important details. 

In planning a general survey of existing roads of 
this type it was decided to make detailed studies in 
South Carolina and Florida, and representatives of 
the Bureau of Public Roads, the respective States 
and the asphalt industry inspected several hundred 
miles of road before selecting the individual projects 
described in this report. 

Before bituminous surface treatment, the existing 
sand-clay or topsoil surface generally requires careful 
preparation, which consists of shaping and compaction 
where necessary to produce a true, well-bonded surface. 
A thin stabilizing layer of fine pea gravel is sometimes 
worked into the surface during such preparation. 
The treatment itself consists of the following steps: 

1. Thorough sweeping to remove all loose particles 
and dust, in so far as possible, without disturbing the 
bonded surface. 

2. Application of a prime coat of tar or asphaltic 
oil of sufficiently low viscosity to penetrate the upper 
portion of the sand-clay surface to which later appli- 
cation of a highly cementitious asphaltic product will 
adhere. 

3. Application of an asphaltic product of relatively 
high viscosity in sufficient amount to retain the later 
application of fairly coarse mineral aggregate. 

4, Application of mineral aggregate cover, consisting 
of broken stone or slag passing a l-inch screen which, 
after brooming and rolling, combines with the second 
application of bituminous material to produce a thin 
wearing course knitted to and overlying the sand-clay 
or topsoil surface, which thereafter serves as base. 

5. Frequently a light application of cut-back asphalt 
is applied and covered with fine mineral aggregate to 
throughly seal the surface, if after a few months traffic 
the bituminous mat previously constructed does not 
produce the desired degree of waterproofing. 


PROJECTS SELECTED FOR DETAILED STUDY DESCRIBED 


Five typical sections of highway were selected for 
detailed study, three in Florida and two in South 
Carolina. These sections, which will hereafter be 
referred to by number, are located as follows: 

Section 1.—Florida State Road No. 1, in Santa Rosa 
County, extending northeast from Escambia Bay a dis- 
tance of 3.177 miles and thence eastward for 1.991 
miles; a total of 5.168 miles. This section covered 
Federal-aid project No. 38 and an extension of State- 
aid project No. 585. 

Section 2.—F lorida State Road No. 1, in Santa Rosa 
County, extending eastward from the end of section 1 
for a distance of 4.299 miles and thence northeast to 
Pond Creek Bridge, a distance of 0.681 mile; a total of 
4.980 miles. This section includes State-aid project 
No. 585. 

Section 3.—Florida State Road No. 1, in Walton 
County, extending almost due east from the Okaloosa 
County line to Bear Head; a distance of 11.297 miles. 
This section is known as State-aid project No. 567. 

Section 4.—South Carolina State route No. 29, in 
Anderson and Greenville Counties, beginning at the 
end of the pavement at Anderson, and extending 28.526 
miles in a northeasterly direction to the end of the 
pavement at Greenville. This section includes the 
Anderson County section, 20.343 miles; Federal-aid 
project No. 138, 3.28 miles; Federal-aid project No. 
231, 0.776 miles; Federal-aid project No. 188, 3.84 
miles; and Greenville city section, 0.287 mile. 

Section &§.—South Carolina State route No. 3, in 
Florence County. This section begins due east of the 
west city limits of Timmonsyille and extends in a north- 
easterly direction for a distance of 1.894 miles through 
the town of Timmonsville to the intersection of the 
paved road to Florence. 

Details relative to subgrade and drainage conditions 
for each section as determined by observation and 
history records of the State highway departments are 
given below. Analysis of samples of subgrade taken 
during the detailed study are discussed in Appendix 1. 

Section 1.—The first 3.177 miles of this section, be- 
ginning at Escambia Bay Bridge, consists of a 10-foot 
fill made partly with a dark sandy loam and partly with 
a natural sand-clay brought in by an industrial railway. 
The remaining 1.99 miles consists of the natural soil, 
which is a dark sandy loam with no free clay present. 
The topography is fairly flat, but natural conditions 
together with the artificial ditching create good drain- 
age and but two culverts were required. Some eight 
overflow bridges were constructed on the fill section. 
A 30-foot graded roadway was completed in June, 1926, 
and was covered with the sand-clay within a period of 
30 days. 

Section 2.—The subgrade of the entire section is a 
dark sandy loam, with no clay strata apparent. The 
natural drainage is excellent and little artificial drain- 
age other than ditching and the construction of a few 
culverts has been required. Grading involved one 
14-foot cut and one 10-foot fill. The width of the 
roadway is 30 feet. The grade was completed in 
April, 1927, and maintained for approximately one 
year before placing the sand-clay surface. 

Section 8.—This entire section has an excellent 
natural subgrade, consisting of a dark sandy loam with 
no clay strata in evidence. Grading varied from cuts 
2 feet in depth to one 20-foot fill. Natural drainage is 
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good and no artificial drainage was provided, with the 
exception of ditching and the construction of a few 
culverts. About 4 inches of sand-clay had originally 
been laid in 1925 and this old sand-clay road therefore 
made up a portion of the new subgrade. The graded 
roadway, 30 feet in width, was completed in January, 
1927, and the sand-clay wearing course was completed 
in March of the same year. 

Section 4.—The subgrade of the first 20.343 miles, 
namely, the Anderson County section, consists of a 
natural sandy clay soil. The soil on the remaining 
sections consists of a stony sand-clay in which there is a 
considerable amount of disintegrated granite and mica 
in places and which becomes quite slippery when wet. 
The grading on the Anderson County section and the 
Federal-aid project No. 138 was completed in 1922, 
while Federal-aid project No. 183 and the Greenville 
city section were graded in 1923. Topsoil surfacing 
was placed immediately after consolidation of the 


SAND-CLAY AND TOPSOIL BASE OF PROJECTS STUDIED CON- 
STRUCTED BY METHODS IN COMMON USE 


Neither Florida nor South Carolina specify the 
characteristics of sand-clay or topsoil material in detail, 


-but require that the material must be obtained from 


sources of supply approved by the engineer. Analyses 
of samples of sand-clay and topsoil mixtures taken from 
the various sections are discussed in Appendix 1. 

The method of construction requires the application 
of surfacing material upon the prepared subgrade in 
sufficient quantity so that after compaction it will have 
the specified thickness. For natural sand-clay mix- 
tures South Carolina requires that the material depos- 
ited each day shall, on that day, be twice plowed and 
harrowed, except when in the judgment of the engineer 
the material is too dry or too wet to be plowed and 
harrowed properly. Florida does not specify plow- 
ing unless the material sets up to produce a rough 
surface but requires harrowing with either a spike- 





PREPARING A SAND-CLAy ROAD FOR SURFACE TREATMENT 


erade. On Federal-aid project No. 231 which extends 
across the Saluda River Bridge, the topsoil construction 
consisted merely of approaches to the bridge. These 
approaches were graded in September, 1925, about a 
month before the topsoil surface was laid. Throughout 
the entire stretch good natural drainage conditions 
exist and it was found necessary to construct only 
ditches and culverts as required. The width of road 
bed varied from 26 to 28 feet. 

Section 5.—This section is a relocation of an older 
road constructed through a natural fine sandy loam over 
uw flat, poorly drained area. The only artificial drainage 
consists of ditches, which within the city of Timmons- 
ville are not entirely satisfactory. The roadbed was 
completed in September, 1926, about six months prior 
to laying the sand-clay surface and is 28 feet wide. 
The original road, which had an old cinder surface, was 
covered in some places to a depth of about 18 inches. 
Prior to laying the sand-clay surface, the grade was 
maintained under traffic. 


toothed or disk harrow. Both States require shaping 
with a road machine during consolidation under traffic 
and the use of a drag to finally smooth the surface. 
Sand-clay readily lends itself to the production of an 
almost perfect riding surface. It follows, therefore, 
that the riding qualities of the finished road depend 
upon the care with which the base is constructed. 
Where artificial mixtures are made by adding clay 
to a sand surface or vice versa the mixing is done by 
plowing and harrowing until a uniform mixture is 
produced. The surface is further mixed and shaped 
with a road machine and is usually finished off with a 
drag. No roller is used during construction, as traffic 
is depended upon for compaction. During compaction 
the mixture must be bladed and dragged as required 
to produce a uniformly smooth cross section. 
Maintenance consists in reblading and shaping the 
road during its life, adding new material where neces- 
sary, and keeping the ditches and culverts open. De- 
tailed information in connection with construction of 
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the individual sections obtainable from the service 
history prior to surface treatment is as follows: 

Section 1.—Sand-clay road; width, 18 feet; 4% inches 
compacted depth, uniform cross section; no side sup- 
port other than subgrade shoulders; completed July, 
1926, and maintained for a period of approximately 
seven months before surface treatment, during which 
time it was subjected to a traffic of 960 vehicles per day. 

Section 2.—Sand-clay road; width, 20 feet; compacted 
depth at center, approximately 8 inches and 6 inches 
at sides; laminated red cypress planks 3 by 8 inches 
used as permanent curbs, at cost of $950 per mile in- 
stalled; road maintained for approximately four months 
by blading, during which time it was subjected to a 
traffic of 1,030 vehicles per day. 
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Surrace TREATED Sanp-Ciay Roap WirH Cypress Curses 
AND WIDE SLOPING SHOULDERS ON SECTION 1 IN FLORIDA 





Section 3.—Sand-clay road; width, 20 feet; average 
compacted depth, 5 to 5% inches. No side support 
other than subgrade shoulders; maintained by blading 
for a period of approximately two months, during which 
time the road was subjected to a traffic of about 1,000 
vehicles per day. 

Section 4.—Topsoil road; width, 20 feet; depth, 
5 to 6 inches compacted; no side supports other than 
subgrade shoulders; constructed in 1922 and 1923 and 
maintained under traffic without reconstruction; July, 
1925, to May, 1926, additional topsoil surfacing added 
preparatory to surface treatment, cost of maintenance 
of preparation for surface treatment being $26.72 per 
mile per month. During this period it was subjected 
to a traffic of 630 vehicles per day. 

Section 5.—Sand-clay road; width, 20 feet; com- 
pacted depth, 10 inches at center, 4 inches at sides; no 
side supports other than natural subgrade shoulders; 
maintained by blading for a period of nine months prior 
to surface treatment at a cost of $25 per mile per 
month, during which period it was subjected to a 
traffic of 1,170 vehicles per day. 





BITUMINOUS SURFACE TREATMENT APPLIED BY DIFFERENT 
METHODS 

In all cases bituminous materials were applied with 
pressure distributors, material used for the prime coat 
being shghtly warmed before application and_ the 
heavier products for second application being heated 
to temperatures of from 250° to 300° F. All bitumi- 
nous materials were furnished under the respective 
State highway specifications but analyses or samples for 
analysis were seldom found to be available. In most 
cases duplicates of these materials have been prepared 


by the respective producers, and the analyses of such 
materials, together with the specification requirements 
under which they were furnished, are shown in tabular 
form in Appendix II. Characteristics of the bituminous 
mats or surfaces at the time of inspection are shown in 
Appendix III. Details of the surface treatment of the 
various sections are described as follows: 

Section 1.—During maintenance of the sand-clay base 
a stabilizing course of fine washed pea gravel, passing 
a %4-Inch screen and containing about 40 per cent of 
material retained on a -inch screen, was applied over 
the 18-foot width at a rate of about 100 tons per mile. 
The cost of the pea gravel was 50 cents per ton at the 
pit, plus 80 cents freight, and it was hauled and spread 
for $2 per ton, making a total cost of $330 per mile plus 
the cost of dragging and blading over a period of four 
to six weeks before the bituminous priming material 
was applied. Just prior to application of the bituminous 
priming material the road was swept with a mechanical 
sweeper and all loose material on the surface pushed 
to one side. Priming material consisted of a light tar 
product meeting the State highway specification TC-1, 
and was applied at the rate of 0.25 gallon per square 
yard. Application was made on half the width of the 
road at one time, the other half being kept open to 
trafic. It was allowed to penetrate for two to four 
hours, after which it was covered with a thin layer of 
the sweepings previously removed. Immediately after 
covering, traffic was allowed over the treated surface. 
After the priming treatment had been down from 48 
hours to a period of approximately 3 months, depend- 
ing somewhat on weather conditions and the delivery 
of heavy asphaltic material, all hard scabs were scraped 
off and such potholes as had developed were repaired. 
The surface was then swept clean of all débris and loose 
material. Ruts were repaired with broken slag passing 
a l-inch screen and treated with the same bituminous 
material later used for second application. 

A fluid asphaltic product or road oil meeting the State 
specification OH—1 modified was then applied at the rate 
of 0.4 gallon per square yard and immediately covered 
with broken slag passing a 1-inch screen and retained on 
a 20-mesh sieve, from 25 to 75 per cent passing a }-inch 
screen. The slag was distributed from piles containing 1 
cubic yard previously placed at regular intervals along the 
side of the road. The rate of application was 40 pounds 
per square yard. Half of the road width was treated at 
one time, as in the case of application of priming mate- 
rial. The slag was evened out with a patrol grader or 
with hand brooms, leaving a 6-inch lap uncovered at the 
center of the road on the first half treated in order to 
care for overlapping of the bituminous material upon the 
treatment of the other half of the road. Immediately 
after spreading the slag, the road was rolled contin- 
uously with a 10-ton 3-wheel roller until a uniformly 
closed surface was obtained, and traffic was not allowed 
to pass over the treated surface until it had been thor- 
oughly rolled. The cost of surface treatment, which 
was completed in April, 1927, was $2,560 per mile; in- 
cluding the stabilizing course of pea gravel. 

Prior to inspection 25 months after completion, this 
surface had been carrying an average daily traffic of 
990 vehicles. The cost of maintenance during 1927, 
the first year, was reported to be $67.92 per mile per 
month, but as this figure is the average of the cost of 
maintaining both the surface-treated section and an 
adjacent untreated section 6 miles in length it is prob- 
ably too high. 
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STEPS IN PREPARING A SAND-CLAY SURFACE FOR SURFACE TREATMENT. 


Cost of maintenance during the second year for the sur- 
face-treated road was $12 per mile per month and for the 
first three months of 1929 only $1.78 per mile per month. 

Section 2.—The surface treatment of this section was 
quite similar to that described for section 1, and in- 
cluded the application of a stabilizing layer of pea 
gravel. Priming material consisted of a light tar RE 
uct meeting the State highway specification TC-2 and 
was applied at the rate of 0.3 gallon per square yard. 
Asphaltic material furnished under specification OH-1 
modified was applied at the rate of 0.5 gallon per square 
yard, covered with broken slag as described under 
section 1, and rolled with a 5-ton roller. 

The road was completed in December, 1928, four 
months previous to inspection. The cost of the surface 
treatment only was $1,524.94 per mile. Surface main- 
tenance up to the date of inspection cost approximately 
$2 per mile per month. Daily traffic on this section 
averages 1,140 vehicles per day. 

Section 3.—The stabilizing layer of pea gravel as 
described for sections 1 and 2 was omitted on this sec- 
tion. The road was thoroughly swept before applying 


Nore THE V-FORMATION OF SWEEPERS 


the priming material, which for a distance of approxi- 
mately 6 miles, beginning at the Okaloosa County line, 
consisted of an asphaltic oil meeting State highway 
specification OC-2. The remaining 5 miles was primed 
with a tar product meeting specification TC-1. Both 
priming materials were applied at the rate of 0.25 
gallon per square yard, covered with sand, and allowed 
to cure under traffic for a period of six to eight days, 
after which the sand was swept off and a heavy asphal- 
tic material meeting specification OH-1 modified was 
applied at the rate of 0.4 gallon per square yard. This 
was immediately covered with crushed slag of the same 
character and in the same quantity described for the 
preceding sections, and thoroughly rolled. 

The total cost of surface treatment, which was com- 
pleted in May, 1927, was $1,831.34 per mile. Prior to 
inspection two years after completion, this surface had 
been carrying an average daily traffic of 990 vehicles. 
The cost of maintenance of the surface only during 1927 
was $60.13 per mile per month and during 1928, $16.66 
per mile per month. For the first two months of 1929 
the maintenance cost was $2 per mile per month. 
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Section 4.—The surface treatment of this topsoil sec- 
tion did not involve the use of a stabilizer course as did 
Florida sections 1 and 2. The reshaped topsoil surface, 
which had been allowed to compact under traffic for a 
period of 30 to 90 days, was swept with a rotary power 
broom in conjunction with hand brooms to remove all 
loose material. Tar priming material meeting State 
specification TC-1, grade 1, was then applied at a 





SuRFACE TREATMENT ON SECTION 3 (FLoripAa Route 1) 


temperature of 125° to 150° F. at the rate of 0.26 gallon 
per square yard, except between stations 159+91 and 
161 +41 of Federal-aid project 138 and stations 30+ 62 
and 16+12 of Federal-aid project 231, where no priming 
was used on account of shortage of material. Traffic 
was not allowed over the priming treatment which 
after a period of not less than 24 hours was covered 
directly with heavy asphaltic material applied at 300° 
¥. at the rate of 0.38 gallon per square yard. Over 
approximately one-sixth of this area material meeting 
State specification OH-1 was used and on the re- 


mainder a heavier product of 150 to 200 penetration, . 


which was a soft grade of asphalt cement. 

Immediately after application of the asphaltic prod- 
ucts, crushed granite from 1% inches to % inch was 
spread at the rate of about 54 pounds per square yard 
and rolled longitudinally with a 5-ton 3-wheel roller, 
and then opened to traffic. The cost of this treatment, 
sea was completed during July, 1926, was $2,324 per 
mile. 

_ In conformity with regular practice in South Caro- 
lina, a seal coat was applied before the first winter. 
This section was treated with cold application asphaltic 
road oil, most of which was furnished under State 
specification LA No. 5, but a portion was according to 
specification OC-2. These materials were applied at 
the rate of 0.22 gallon per square yard and covered with 
local sand applied at the rate of about 20 pounds per 
eee yard. The cost of this seal coat was $526 per 
mile. 

During a period of two years the seal coat bled in 
warm weather and required the application of 10 pounds 
of sand per square yard. This produced a rather thick 
seal mat, which scaled in places and was slippery and 
dangerous in wet weather. To eliminate this unsatis- 
factory condition, the road was treated in December, 
1928, with quick-drying cut-back asphalt applied cold 


at the rate of 0.26 gallon per square yard and covered 
with limestone chats approximately three-eighths inch 
in diameter at the rate of 26 pounds per square yard. 
Rolling with a 5-ton roller completed this treatment. 
Part of the cut-back asphalt contained a 150 to 180 
penetration base, and part an 85 to 100 penetration 
base, meeting State specification AC-2L and AC-2, 
respectively. The cost of this treatment was $878 per 
mile. It produced a much more satisfactory surface 
and eliminated all slipperiness. 

Exclusive of the last surface treatment, which was 
not adopted as a maintenance method, the cost during 
1927, which included maintenance of surface, shoulders, 
and ditches, ranged from $30 to $34.66 per mile per 
month, and for 1928 was $20.12 per mile per month. 
The average daily traffic carried by this highway is 800 
vehicles. 

Section 5.—The surface treatment of this section con- 
sisted in preparation of the sand-clay surface and appli- 
cation of 0.3 gallon per square yard of priming material 
as described for section 4. Owing to rainy weather 
about one week elapsed between application of the 
priming coat and the heavy asphaltic material, during 
which period traffic was not permitted to use the road. 
The asphaltic product was an asphalt cement of 150 
to 200 penetration. It was applied at the rate of 0.4 
gallon per square yard and immediately covered with 
50 pounds per square yard of the crushed granite and 
was rolled with a 4-ton 3-wheel roller. This treatment 
was completed in February, 1928, at a cost of $2,628 
per mile. , 

A seal coat was applied during August, 1928, con- 
sisting of cut-back asphalt meeting specification AC-2 
and applied at the rate of 0.26 gallon per square yard 
and covered with %-inch to \-inch crushed granite 
at the rate of 25 pounds per square yard and rolled. 
The cost of the seal coat was $600 per mile and the cost 
of maintenance during 1928 including shoulder mainte- 
nance was $12.50 per mile per month. This highway 
carries an average traffic of 1,220 vehicles per day. 





SHOULDER MarreriaAL BuADED Over WEAK PAVEMENT 
EpGE IN SoutTH CAROLINA 


CHARACTER OF BASE AN IMPORTANT ELEMENT IN SURFACE 
TREATMENT 
All of the sections subjected to detailed study were 
in good condition when inspected in May, 1929, and 
differed but little in their generally excellent riding 
qualities. Variations in materials and methods which 
have been described were not indicated by the relative 
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results produced, and the experience of the respective 
maintenance engineers coupled with deductions drawn 
from the general survey have been taken into account 
in the following comments. 

It is evident that the bearing power of the subgrade 
is a most important consideration in this type of work 
as the sand-clay or topsoil itself is never satisfactory 
unless well and uniformly supported. In fact the 
traffic-carrying capacity of the surface treatment is 
entirely dependent upon the adequacy of support pro- 
vided by the sand-clay or topsoil base. It was noted 
that a large proportion of the maintenance of the sur- 
face treatments consisted of repairing failures in cer- 
tain areas, caused by insufficient support afforded by 
the underlying subgrade or base. In the more recent 
work, maintenance has been materially reduced by 
more careful attention to providing uniform support, 
particularly along the edges, which in earlier work 
failed to a considerable extent due to the tendency 
toward thinning or feather edging the original con- 
struction. Several methods of preventing or reducing 
edge failures are now being satisfactorily used, often 
in combination: 1. Constructing a base which is wider 
than the area to be surface treated. 2. Installing plank 
curbs to provide lateral support for the base. 3. 
Thickening the base at the edges. . 

Where a surface-treated road has a feather edge, or 
if for any other reason the edge is weak, traffic should 
be induced to use the center of the road in preference 
to the edges. Under such conditions, it is the practice 
of South Carolina to blade in shoulder material over 
the weakened edge, as shown in the illustration on 
page 198. 

A good measure of the sufficiency of the supporting 
value of the sand-clay or topsoil road is its behavior 
under traffic before surface treatment and it is advisable 
to delay surface treatment for a sufficient length of 
time after construction or reshaping of base to develop 
and correct all weak areas. Thorough admixture of 
the sand and clay constituents of the base in proper 
proportions is essential to uniform supporting power, 
and this detail should receive especial attention during 
construction. 

It is frequently impracticable to specify in advance 
the exact composition of the sand, clay, or topsoil to be 
used on any given job, but as previously indicated 
preference should be given to mixtures which fall within 
the following limits: 


Mechanical analysis 


RO liner ce re er a se 5 to 10 per cent. 
pe Rent h ee yah ite 2s 4 10 to 20 per cent. 
oe Wa fell ated Se SNS Ie i ee 70 to 85 per cent. 


The sand should have 45 to 60 per cent retained on a 
60-mesh sieve. Its uniformity coefficient should be 
above 15 with an effective size approximating 0.01 
millimeter. 

Mixtures falling within the above limits are fre- 
quently found in nature and have been used in many 
of our best roads. Modifications of the above limits 
have been found to be useful and are extensively used 
in road construction. Further description and classi- 
fication is to be found in Appendix I. 

Laboratory tests on available local material serve as 
a useful guide in original selection and in the correction 
of mixtures which have proven faulty. Preference 
should be given to materials having some pebbles 
retained on the 10-mesh sieve and passing a 1-inch 
screen. 





Cross SECTION oF SurFACE TREATED Sanp-Cnay Roap 
(REesuLT oF WasHouT) SHowina Sussoin AND WooDEN 
CurBs. SECTION 1 IN FLORIDA 


Careful preparation of the sand-clay or topsoil is 
essential to the construction of a satisfactory surface 
treatment wearing course. Any defects or irregularities 
in the surface of the base will be reflected in the surface 
treatment and later correction will be more difficult 
and expensive. The untreated base should have the 
desired smoothness and shape of the finished road and 
should be thoroughly compacted and well bonded. To 
obtain these conditions it is usually necessary to do a 
considerable amount of machine work shortly before 
surface treatment which may consist of scarifying, har- 
rowing, blading, and dragging. During dry weather it 
may be necessary to sprinkle the road with water during 
these processes. Compaction of this type of road is 
effected by traffic and some regulating measure for 
causing traffic to distribute itself uniformly over the 
road surface is advisable. This may be accomplished 
by placing obstacles at suitable intervals to force 
traffic over desired lanes and varying these lanes as 
seems advisable. 





FRESHLY BLADED GRAVEL STABILIZER ON SAND-CuLAy BASE. 
SEcTION 1 IN FLORIDA 


EXPERIENCE SHOWS FACTORS WHICH ARE OF IMPORTANCE IN 
APPLYING BITUMINOUS MATERIALS 

When the sand-clay or topsoil material is deficient 
in relatively coarse particles it has proven advisable to 
incorporate a thin course of pea gravel or similar ma- 
terial in the surface before final compaction, as a stabi- 
lizing measure in preparing the base for application of 
the bituminous materials. 
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Before applying the bituminous priming material it 
is most important to thoroughly sweep the base so as 
to obtain a clean, well-bonded surface which will be 
readily penetrated by the primer, and further stabilized. 
If the dust is not removed it may prevent the primer 
from properly penetrating the base and thus produce 
an unstable mat composed of the primer and the dust. 

The purpose of the priming treatment is to harden and 
moisture proof the upper portion of the base and pro- 
duce a surface to which the heavier nonpenetrating 
bituminous material which is later applied will adhere. 
The primer should therefore be a product of sufficiently 
low viscosity to be readily absorbed by the sand-clay 
or topsoil surface and not dry or harden so rapidly as 
to produce a bituminous mat before it has had an 
opportunity to penetrate. Light tars of 8 to 13 spe- 
cific viscosity at 104° F. have been most extensively 
used as a primer and have in general been found to 
penetrate and harden more rapidly than the asphaltic 
products so far used. There appears to be no reason, 
however, why an entirely satisfactory asphaltic product 
can not be developed for general use which will have 
the desired viscosity, penetrating and drying qualities, 
and such a product, refined from cracking coil residues 
or produced from an asphalt cement cut back with a 
light, but not too volatile distillate of the kerosene 
type, is to be looked for in the near future. 





APPLYING THE PRimE Coat IMMEDIATELY AFTER CLEANING 


The proper amount of primer to be applied is de- 
pendent upon the extent to which it will be readily 
absorbed within 24 hours by the surface which is treated 
and it is not advantageous to apply an amount which 
will require a mineral cover before application of the 
heavier bituminous material. For the usual surface 
condition of this type of road the quantity required 
may vary between 0.2 and 0.35 gallon per square yard. 

The next step in the construction of the surface 
treatment wearing course is application of the heavy 
asphaltic material, the function of which is to combine 
with the mineral aggregate cover to produce a thin 
well-bonded bituminous mat which will adhere to the 
primed base, protect it from the wear of traffic, and as 
a waterproofing agent prevent the unsatisfactory con- 
ditions produced in the untreated sand clay or topsoil 
by extremely wet or prolonged dry spells of weather. 

To accomplish these results it is evident that the 
asphaltic product should possess as much body and 
adhesiveness as possible. The use of a suitable primer 
makes it practicable to utilize a soft asphalt cement 
for this purpose while without primer a much more 
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Snaa Cover on SurFrace TREATMENT IM- 
MEDIATELY AFTER APPLICATION AND AFTER BEING 
SUBJECTED TO TRAFFIC 


CRUSHED 


fluid product would be required to obtain any degree 
of adherence to the untreated surface. While very 
viscous fluid asphaltic oils have been used with success 
for second application, there is every reason to prefer 
the soft asphalt cement of between 100 and 300 pene- 
tration, from the standpoint of both durability and 
stability or resistance to shoving of the mat. 

The principal limiting factor with regard to the use 
of the harder grades of asphalt is difficulty in obtaining 


retention of the aggregate cover if application is made 


in relatively cold weather. Between the limits stated, 
the cooler the weather the softer should be the asphalt 
cement. On the other hand, the warmer the weather 
and the heavier the traffic the harder should be the 
asphalt cement. Tars have been used to some extent 
for second applications but in general have been found 
to harden and wear away more rapidly than the 
asphaltic products. 

The quantity of heavy asphaltic product required to 
produce the wearing mat will range from 0.3 to 0.5 
gallon per square yard depending upon the surface 
texture of the primed base and the size of mineral 
ageregate used for cover. The temperature of the 
material when applied should be sufficient to insure the 
distribution of a continuous fluid sheet over the surface, 
and will usually lie between 250° and 325° F. It is 
most important that the applied material be so dis- 
tributed as to produce a uniform unbroken bituminous 
film. Failure to secure such uniformity has been 
responsible for a large proportion of the early mainte- 
nance required on some work. Because of the ten- 
dency of the mat to fail first near the edges of the road, 
it has been found beneficial in some cases to apply 
slightly greater quantities of asphaltic material and 
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Section 4 BETWEEN 
SurFAcE TREATED Toprsorn Roap RESEALED AND Covy- 
BRED WitrH LIMESTONE CHATS 


GREENVILLE AND ANDERSON, 8S. C. 


mineral cover for a width of approximately 2 feet along 
the sides. This is accomplished by placing nozzles 
with larger openings on that portion of the spray bar 
which applies the material along the edges. 

The mineral aggregate for cover siete preferably 
consist of hard fragments free from dust, in which case, 
the size may range from % to 4% inch. Where a rela- 
tively soft and more friable material must be used, a 
slightly larger size of from 1% to 4 inch will be desirable. 
Crushed fragments are in all cases preferable to rounded 
pebbles. As the mineral cover’ should impart both 
stability and nonskid qualities to the wearing surface, 
relatively coarse material is greatly preferable to sand, 
which generally is considered as unsuitable for cover 
material. 

The amount of cover material required will depend 
upon the quantity of asphaltic material which has been 
applied and the size of aggregate. Sufficient cover 
should be used to prevent bleeding of the mat, but care 
should be taken not to overload the bituminous mate- 
rial with mineral particles and thus produce a mixture 
which will wear rapidly under traffic. It is much 
better practice to apply too little cover material at first 
and add more as required than to overload the bitu- 
minous material on first application. A safe minimum 
to apply at first is approximately 10 pounds of mineral 
aggregate for each 0.1 gallon of bituminous material. 

Uniform distribution of the mineral cover is ex- 
tremely important in producing a satisfactory mat. 
Lack of uniformity makes a rough riding surface and 
develops fat spots and overloaded areas which induce 
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TIMMONSVILLE. SURFACE TREATED SAND- 


SECTION 5 IN 
Cuay WITH A SEAL Coat or Cur-Back AspHALT Cov- 
ERED WITH FRIABLE CRUSHED GRANITE . 


shoving and disintegration under traffic. At present 
the accepted practice is to broadcast the aggregate 
with shovels from the stock piles placed at suitable 
intervals along the side of the road, throwing the 
material longitudinally with a sweeping motion of the 
shovel, and then hand-broom as required to obtain 
uniform distribution. It is thought that a mechanical 
spreader attached directly to a dump truck, as used by 
some of the Western States in surface treatment, might 
prove to be a considerable improvement over the 
methods now used. It is quite possible that light 
blading or dragging of the cover material before rolling, 
as done by the Western States, would also prove ad- 
vantageous in improving the riding qualities of the 
finished road. 

Immediately after spreading the cover material, it 
should be rolled with a 5 to 7% ton roller until thor- 
oughly compacted and bonded with the bituminous 
material. A tandem roller is to be preferred to a 
3-wheel roller and the amount of rolling should be 
controlled so as not to produce excessive crushing of 
the mineral particles. As soon as rolling is completed 
the road may be opened to traffic. Cover which is 
forced to the side of the road by traffic may be thrown 
back to remedy any deficiency which may develop in 
certain areas. 


CHARACTER OF SEAL COAT DEPENDS ON PURPOSE OF 
TREATMENT 


After the treatment has been in service for some time 
it may require a seal coat. The proper time to apply 
this coat depends upon the condition of the road 
surface, but in no case should it be delayed after the 
surface has assumed a dead or brittle appearance, as 


202 





PUBLIC ROADS 








such condition is soon followed by disintegration. In 
South Carolina a seal treatment is usually applied as 
a precautionary measure before the winter following 
construction. 

The selection of materials to be used in the seal treat- 
ment will depend upon the purpose of treatment. If 
it is desired to enliven the surface and prevent raveling 
of an already heavy mat, a light application of a cold 
cut-back asphalt containing a readily volatile dis- 
tillate is used with small- sized mineral ageregate. If 
it is necessary to strengthen the old surface mat by 
adding appreciable thickness, a heavier bituminous 
material such as is used in original construction is ap- 
plied hot with larger mineral cover. Whatever the 
purpose, it is highly important that the mineral cover 
be suited to the bituminous material selected. 
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SuRFACE TREATED Topsoit Roap BETWEEN GREENVILLE 
AND ANDERSON, 8. C., SECTION 4 


For hight treatment, an asphalt cement of not over 200 
penetration cut to low viscosity with a gasoline type of 
distillate is satisfactory. Such material is usually applied 
to the thoroughly swept road at the rate of not more 
than 0.25 callon per square yard and covered with clean, 
crushed mineral ageregate ranging in size from % to } 
inch. The principles described for original ee 
relative to application of cover material, are applicable 
to retreatment. The new surface produced is of slightly 
finer texture, but will possess stability and nonskid 
characteristics similar to the original treatment. 

The serviceability of the bituminous surface treat- 
ment is dependent upon careful and intelligent main- 
tenance applied promptly as required. The patrol 
system is almost essential, as the surface should be 
under constant observation to detect and correct defects 
as they develop and prevent deterioration of adjacent 
areas due to progressive disintegration, which takes 
place very rapidly if the original trouble is not promptly 
eliminated. In addition to the regular patrol mainte- 
nance, retreatment will be required at intervals of 
two or three years and may consist of a light seal or 
enriching treatment or a heavier treatment “to thicken 
or smooth up the original wearing course. 


Good judgment is required in the application of 
maintenance measures and before deciding upon 
methods to be used, the reason for existing ‘unsatis- 
factory conditions should be correctly diagnosed. 
Replacement of a defective wearing course, due pri- 
marily to faulty subgrade or base, will correct the 
trouble only temporarily. In such case the unsatis- 
factory subgrade or base conditions should be remedied 
before constructing the new wearing surface. 

Patching the wearing course should be skillfully done 
so as to duplicate as nearly as possible the composition 
and character of the adjacent satisfactory areas, and 
may include use of priming material in addition to the 
heavier bituminous product. Special attention should 
be given to constructing the patch so as not to interfere 
with the riding quality of the road, and the use of an 
excessive amount of bituminous material or an aggre- 


gate different from that originally used should be 


avoided, or otherwise the patch is apt to develop into 
a rough spot. Properly made patches can hardly be 
detected a short time after construction, and may be 
used to correct both disintegrated areas and areas 
which are intact but not smooth. 


CONCLUSIONS SUMMARIZED 


It is clearly apparent from this investigation that 
in localities where sand-clay and topsoil roads have been 
found of value, surface treatment fills a definite need in 
the economic development of a well-planned highway 
system by offering a nonskid surface which is excep- 
tionally easy riding low in first cost, reasonable in 
maintenance cost, and one that can be constructed with 
a minimum of inconvenience to traffic. It has the 
advantage of making maximum use of local material. 

2. South Carolina and Florida each have hundreds 
of miles of this type that have been in service from 
three months to four years and are successfully carrying 
traffic which in some instances is in excess of 2,000 
vehicles per day. There are a great many miles over 3 
years of age on which the traffic has averaged more than 
1,000 vehicles per day. 

3. Construction and maintenance costs naturally 
vary with local conditions. The following figures show 
anormal range of cost for work of this character to date: 

(a) Construction costs per mile: 

Sand-clay or topsoil base, 20 feet wide and 6 
inches uniform thickness, complete_________ $1,500 to $3,000 


Priming material and heavy application with 
cover, complete 


1,800 to 2,500 


Seal coat treatment, complete. —-.......-_._- 500 to 1,000 
(b) Maintenance costs per mile per month: 
First year— 
Surface treatment only___._______!____- $15 to $60 
Shoulderssand ditchée o2s.. ee ue ee oe 15 to 50 
Second year— 
Surtace treatment Onl you. sae 5to 20 
Shoulders Civehes es saya eee Oto 20 


4. Important subgrade requirements are as follows: 

(a) The subgrade should be composed of stable soil, 
even though to meet this requirement it is necessary to 
remove from the grade existing unsatisfactory soils and 
replace them with stable soil. 

(b) The subgrade should be constructed in layers of 
not more than 12 inches, thoroughly compacted by 
contractor’s equipment or by hydraulic jetting, and 
machining and shaping should be continuous under 
traffic. 

(c) The grade line should be laid to keep the surface 
well above the ground level and, in so far as practical, 
to take full advantage of natural drainage. 
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5. Details of especial importance with regard to 
sand-clay and topsoil base are as follows: 

(a) Base materials should be selected only after 
examination to determine their suitability for use. 

(6) The compacted depth of base course should be 
not less than 6 inches at any point over the areas to 
be surface treated. 

(c) The base should be constructed 2 to 3 feet wider 
than the area to be surface treated or else should be 
supported at the edge by planks or other curbs. 

(d) The crown of the sand-clay or topsoil base should 
not exceed \ inch to the foot. 

(e) After thorough mixing the base should be com- 
pacted by traffic for a period of not less than one month 
accompanied by frequent blading and shaping. This 
traffic should be so distributed by regulating measures 
as Me obtain uniform compaction over the full width of 
road. 

(f) When the sand-clay or topsoil does not contain 
an appreciable quantity of mineral particles of approxi- 
mately \%-inch diameter it is recommended that a 
stabilizing layer of pea gravel or similar material be 
worked into the surface of the base when preparing it 
for surface treatment. 

6. Bituminous priming material should be applied 
only upon a smooth, thoroughly bonded and well- 
swept base. The priming material should possess high 
penetrating and fairly rapid hardening properties so as 
to be absorbed by the base without leaving a sticky mat. 
Cold application tars and asphalt cements cut back 
with a kerosene type of distillate appear best adapted 
for such purpose. Wherever possible traffic should be 
barred from the road after sweeping preparatory to 
priming and until compaction of the bituminous wearing 
course has been effected. The priming material should 
uniformly cover the surface of the base but there should 
not be an excess so as to require a mineral cover prior 
to application of the heavy asphaltic material. 

7. The heavy asphaltic material should not be ap- 
plied within 24 hours after the surface has been treated 
with priming material. <A soft asphalt cement of from 
150 to 300 penetration is to be preferred to a softer or 
less viscous hot oil. It should be uniformly distributed 
at a temperature of 275° to 325° F. when the air tem- 
perature is not lower than 50° F. and immediately cov- 
ered with coarse mineral aggregate. It is important to 
exercise extreme care in uniformly distributing the 
coarse aggregate before and during compaction in order 
to secure a smooth riding surface. Coarse aggregate 
should preferably consist of hard, broken fragments of 
stone or slag from % to % inch in diameter. Un- 
crushed gravel and sand are not desirable for use as 
mineral cover. The bituminous mat should ‘be ap- 
proximately % inch in compacted thickness, and 
should be rolled with a tandem roller until thoroughly 
bonded. Cover material should not be applied in 
excessive amount, as overloading the bituminous mat 
will greatly reduce its life. 

8. Application of a seal coat should be deferred until 
the condition of the surface treatment indicates its 
immediate need, except where climatic conditions are 
such as to create this condition during the winter 
months, in which case the seal coat should be applied 
before the first winter of service. Bituminous material 
for seal coat should be preferably an asphalt cement 
cut-back with a gasoline type of distillate. The min- 


eral cover should consist of 4% to \ inch stone or slag 
chips. 

9. Retreatment with soft asphalt cement and a 
coarse mineral cover should be made whenever rein- 
forcement or thickening of the bituminous mat. is 
required and when patching becomes so extensive as 
to make resurfacing more economical. 

10. General maintenance should be under the patrol 
system and patches should be made promptly as re- 
quired, with care to maintain a smooth riding surface. 
The material and methods used for constructing patches 
should duplicate as closely as possible materials and 
methods used in original construction. Maintenance 
should include prompt repairs to shoulders and ditches 
when needed. 


APPENDIX I 


EXAMINATION AND CLASSIFICATION OF SOIL SAMPLES FROM 
SUBGRADES AND BASES 

Samples were taken of both the subgrades and base 
courses of the several sections of surface-treated roads 
covered by this survey. These materials have been 
classified according to characteristics determined by 
analyses. General conclusions may be drawn, which 
explain their behavior up to the time of the survey 
and the behavior that may be expected in the future. 
Classification of these soils are independent of the effect 
of surface treatment which is covered elsewhere. 

Analyses were made by methods in use in the labo- 
ratory of the Bureau of Public Roads. Clay is defined 
as material possessing capillarity and cohesion and 
generally consisting of particles not larger than 0.005 
millimeter in diameter. Silt is defined as material 
possessing capillarity in appreciable amount and little 
or no cohesion and consisting of particles not larger 
than 0.05 millimeter nor smaller than 0.005 millimeter 
in diameter. Sand is defined as material possessing 
neither capillarity nor cohesion in appreciable amount 
and consisting of particles larger than 0.05 millimeter in 
diameter. 

The scheme of analyses to which the soil samples 
were subjected is as follows: 

1. Determination of size and percentage of particles 
to determine— 


Percentage of clay. 
Percentage of silt. 
Percentage of sand. 


2. Analysis of sand fraction, on which is based the 
determination of— 


Uniformity coefficient. 
Effective size. 


3. Physical tests on the soil include the determina- 
tion of— 


Lower liquid limit. 

Plasticity index. 

Shrinkage limit. 

Shrinkage ratio. 

Moisture equivalent, centrifuge. 

Moisture equivalent, field. 

Volume change at centrifuge moisture equiv- 
alent. 


As a result of these analyses the materials forming 
the subgrade and base courses of the roads under 
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discussion were placed in the following soil classifica- 
tions (basis of classification discussed below): 





| 
| Group classification 


Section 





| Subzrade Base 
(1) Florida Route 1_____- .| A-3, A-2 ; A-38, A-2 
(2)URlorids, Routes 22). sea gee. a ee ee ee A-38, A-2 | A-3, A-2 
(S)s PlOriGa Olea: ees : A-8, A-2 | A-3, A-2 
(4) (Sonth:@arolinia Rowe: 20S a ee ee A-7, A-2 | A-1, A-2 
(5) south Carolina Routeihs et ee ee eee ee A-2 A-2 


The group classifications have in general the following 
properties: 

Grover A-1 
Clay, 5 to 10 per cent. 
Silt, 10 to 20 per cent. 
Sand, 70 to 85 per cent. 

Forty-five to sixty per cent of the sand is retained 
on a 60-mesh sieve. The material has a uniformity 
coefficient in excess of 15 and an effective size approach- 
ing 0.01 millimeter. Group A-1 materials possess 
high stability, due to both high frictional resistance in 
the sand and high cohesion of the binder. It is a well- 
graded product containing coarse and fine particles 
together with an excellent binder. It is highly stable 
under wheel loads and compacts well under traffic, 
functioning satisfactorily when surface treated or 
when used as a base for relatively thin wearing courses. 


Group A-2 


This group differs from group A~1 in one or more of 
the following respects: 
1. Poor quality of clay-silt binder. 
2. Proportion of silt and clay, not conforming 
to the limits established for group A-1. 
3. Less than 45 per cent of the sand is retained 
on the 60-mesh sieve. 


This material softens at high water content caused 
by rains or by capillary rise from saturated lower 
strata when surface treatment prevents evaporation. 


Groupe A-3 


This group differs from groups A-1 and A-2 mainly 
in a lack of silt and clay or particles less than 0.05 
millimeter diameter, being essentially sandy in char- 
acter and deficient in cohesion. The effective size is 
usually not less than 0.1 millimeter. This material 
has no shrinkage or plasticity and no detrimental capil- 
larity. The higher its uniformity coefficient and the 
sharper the grain the higher will be its stability. 
Soils of this class are unstable under direct concen- 
trated load and do not compact well under traffic. 
When moist they possess greater stability than when 
dry, being similar in this respect to beach sands. 
These soils furnish excellent support as subgrades for 
moderately thick pavements without modification. 
They require the addition of only a small percentage 
of cohesive material to convert them into very stable 
bases. Stabilization of this character permits the 
thickness of the wearing course to be reduced. 


Groupe A-7 


Soils of this group include clays with elastic and 
highly expansive properties, differing from groups A-1, 


A-2, and A-3 in their behavior in the presence of 
water. Addition of water to the dry soil causes ex- 
pansion and forms a spongy jellylike mass. The 
large-sized voids in this soil allow rapid penetration 
of water to a greater depth with correspondingly rapid 
softening. They allow rapid evaporation at the sur- 
face, dry out uniformly, and quickly lose their spongy 
character. Because of their elasticity they are less 
apt to compact well under traffic. The behavior above 
outlined is largely dependent on field conditions. 
Where rainfall is ight and well distributed, with the 
ground water level well below the subgrade, this soil 
may form a fairly stable roadbed. ‘The character- 
istics of the group on analysis are as follows: 

Effective size is greater than 0.002 millimeter (ex- 
cept when coagulated). 

Shrinkage limit is less than 30. 

The field moisture equivalent may exceed both 35 
and the value of the centrifuge moisture equivalent; 
also under some conditions the field moisture equiva- 
lent may be very nearly equal to the lower liquid limit. 

Field conditions may produce very detrimental vol- 
ume change and the elastic properties may tend to 
prevent the compaction obtainable with other soils. 

The clay may be deficient in finer particles, or finer 
clay may be present in abundance combined with 
organic matter or coarse-grained mica. 


ILLUSTRATIVE ANALYSES PRESENTED 


The analyses shown in the following tabulation have 
been selected from those made on materials forming 
the subgrade and base courses of the roads surveyed. 
They do not indicate the group classification limits 
but are merely illustrative of group differences. 

Under A-1, sample South Carolina 31 closely ap- 
proaches the ideal in grading as well as other proper- 
ties. Under A-2, Florida No. 34 differs mainly in its 
17 per cent of coarse sand as compared with 39 per 
cent for sample South Carolina 31, as well as its much 
higher percentage of clay. 

Under A-38, Florida No. 2 shows a cohesionless soil 
with a fair percentage (27 per cent) of coarse sand. It 
contains only 3 per cent silt and 2 per cent clay. 

Under A-7, South Carolina 26 is markedly different 
in lower liquid limit, plasticity index, both centrifuge 
and field moisture equivalents, and is high in volume 
change. 


Illustrative analyses of subgrade and base soils 























Group Group Group Group 
ees A-2 A-3 ae 
Ewer sample | sample on 
Carolina as pre Carolina 
31 26 
Mechanical analysis: Per cent | Per cent | Per cent | Per cent 
Larger than 0.5 mm______- ee <t 39 17 27 16 
0.0"t0: 0.06 animes eee eee eee eee 39 55 68 (1) 
0:05; 50'0:005 Tinie eee ee EEE Ay ele 14 3 (1) 
Smaller than 0.005 mm___-__- = 8 14 2 () 
Effective size- - SPE Se Pe . 009 . 0018 OS ea 
Uniformity Ccott clan tesmean neem 53 100 5: "|e eee 
Lower liquid limit__ eee oes Aare aes 17 19 17 64 
Plasticity index___ Loom ees oe 4 6 0 32 
Shrinkage: limite ee ee = Se Ae yee es es. 28 
Shrinkage Tatios ewe see nese oe eee 1.9 oR Yo Iw (ete ee ae ase 
Moisture equivalent, centrifuge eae Se 13 12 5 48 
Moisture equivalent, field_--_____.---.__- 14 15 19 51 
Volume change at centrifuge moisture 
OQULVSlenT sie ea ee eee ee ee 0 0 0 30 





1 Unable to make test because of coagulation, 
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GENERAL DISCUSSION 


The effect of either surface or ground water upon 
soils is of such vital importance that their classification 
is largely a measure of their behavior in the presence 
of water in the laboratory and in the field. 

Some soils of relatively low susceptibility to water 
action but deficient in natural binding material may, 
by treatment with bituminous materials, be made 
equivalent or superior to natural Group A-1 soils in 
their stability and load-carrying capacity. 

The soil groups highly susceptible to surface water 
action, which may destr oy their stability through soft- 
ening, are benefited greatly by an impervious ‘surface 
treatment. Soils susceptible to ground-water action 
have their resistance increased by the introduction of 
asphaltic oils in a mixed-in-place treatment, or by the 
penetration of primer for surface treatment and their 
classification as natural soil does not necessarily fore- 
cast their behavior when thus treated. 

Conclusions based on laboratory classifications with- 
out fully considering field conditions and the effect of 
bituminous treatment, may be very misleading and 
confuse attempts to correlate soil classification with 
service results. Comparing service results with con- 
struction and maintenance costs, it seems reasonable 
to class the soils of Groups A-1, A-2, A-3, and A-7 
as satisfactory under the field conditions existing on 
the roads covered by this survey. The important 
part played by field conditions is illustrated by the 
following examples. 

On Florida State Route 1 the extensive fill over 
Escambia Bay is largely made with Group A-2 soil. 
The fill has good side drainage and is protected with an 
impervious asphalt surface treatment. The surface 
waters are collected in water-tight gutters and carried 
beyond the sides of the fill by frequent box drains. 
The fill is standing up well and offers a firm support to 
the base and surface mat forming the roadway. 

On South Carolina State Route 3 within the limits 
of Timmonsville there is a small section about 10 square 
yards in area where rutting and cracking of the surface 
treatment has occurred over Group A-2 soil. Excava- 
tion at this point shows that the ground water level 
approaches the bottom of the base course with result- 
ing softening and instability. Proper ditches have not 





been built and the slopes on both sides are toward the 
roadway, this condition probably resulting in pocketing 
the water beneath the surface. 

On South Carolina State Route 29 a portion of the 
base and subgrade are found to conform to Group A-7 
classification, mainly because of the presence of mica 
coupled with a high clay content. No trouble has been 
experienced on this road which seems to be directly 
chargeable to the soil type. In general the natural 
drainage conditions are ideal and this, together with 
the waterproofing effect of the bituminous. treatment, 
accounts for the high stability of the roadbed during 
its several years of service. 


APPENDIX II 


ANALYSES OF BITUMINOUS MATERIALS 


Characteristics of the bituminous materials used for 
surface treatment have been discussed in the main 
body of the report and will not be considered in further 
detail here. 

Fhe specification lmits and results of analyses of 
these materials are given in Tables 1 to 3. Wide 

variations are apparent in both specifications and 
tests, but it is significant that all these materials have 
given good service in the treatment of soils with a 
broad range of characteristics. It seems that consider- 
able latitude in characteristics is allowable and that a 
general simplification of specification requirements 1s 
both possible and desirable. 

Specifications for materials for low-cost roads should 
be as free as possible from requirements which may 
make it difficult to obtain the desired products in large 
quantities from as many sources as possible, without 
recourse to unnecessary methods of refining. Speci- 
fications should, of course, cover characteristics essen- 
tial to ready workability or handling incident to con- 
struction and necessary hardening or binding quali- 
ties. Most other requirements are believed to be 
superfluous. 

The tables show the results of consistency tests which 
have almost invariably been included in specifications. 
The results of a special distillation test for asphaltic 
products and the consistency of the residue from this 
test have been included for general information. 
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Tasty 1.—Results of tests of tars used for priming 

















































































Florida South Carolina 
" a 
TC-1 MG=2 TC-1 
Specifi- Specifica- Specification 
cation Sec. 1 tion Sec. 3 limits Sec. 4 Sec. 5 
limits limits 
Specific gravity at 77° DISIM OW) eek? ee id ees Ee tee 1.100-+] 1.182 | 1.127 1, 10-1. 14 TASS HLS TOS el oS | eee eee ee 1124) )) 1-128 Ho 27 ae 
Bposise =a fat Engler * OY Sa thee (Opes ©) Ae ak et ae 8-13 12gb Oss 25-35 28.0 | 28.5 | 30.0 8-13 10. 4 8.8} 10.3 10.4 
Bitumemsolubletin Obs, Mer Ceplbs neo ee eee eee eee 90+} 95.5 | 95.6 95+) 96.0} 96.3} 96.2 88-07) occ S/e See ee ee 
Distillation, A. S. T. M., D-20 modified: 
Water, wer icemt oe 8 a ee eae a oes. | Stank. sae ees See ee eee eee ee 2.0—| 1.0 0.6 2.0 1.8 
Percentage, of total distillate to— 
338° F. (170? (Cie 2 ee Se eee ee eee ee 5- 1.5 1.6 2. 0— 1.0 1.3 1.5 7.0— 1.8 TG. BBY 0.4 
455° We(Q86° Cs). Sates ae ere te ee ne oe | ee ee cee iae |S ee eee re me el ee eee pc 20.0—| 14.8) 14.7) 13.6 10. 4 
B18°. He. (2702 Os) a Fee aee Se Se, See re eee ee 30— Deon eee Os 25.0—| 20.4} 20.0] 19.8 30.0—| 27.4] 25.3 | 22.8 21.0 
Bio Ess (BO0SIC.) Las ee eee ee eee Coenen ee! 40— 38.0 | 38.2 35.0—} 28.8} 30.9} 28.0 35.0—| 34.3 | 383.5] 30.0 30. 7 
Specific gravity of total distillate. Wise Wem Ce0 uO) eran cele ee a ae as ee ee eee |e ete : ot 01-|2-s 223 lbeck 222] es soes paces 
Melting pointiobresi die CE adc bse) oe eae eee I 8 | ee ee ee ee ee eee 140°. (60° C.) =|2 5 Sas eee ee eee eee 
Florida, OC-2 Florida, OO-2 
Specification Specification 
x limits See. 3 limits See. 3 
| 
Specific gravity aby Wa ase- 2 aos eee eee ees 0. 925-0.970 | 0.945 || Distillation, A. S. T. M., D-20, modified—Continued 
Pash point (Open.cup) web = eee ae sere ee eee 122 (50° C.)— 240 || Percentage, by volume, of distillation to—Continued. 
Specific viscosity, Engler, at 77° B..(25° ©.)__.2_22_222--- <2 80-120 13155 BHAT S (2002 Ce) ane oe aoe ae 1.8 
TOSS at S252 4H (1632 1OL\5 5 NOUnSH per Conte = eee eee anes 30—| 11.02 VP ies (GLU? (OO) eee Biel Pere 3.0 
_ Float test on residue at 122° F. (50° C.), seconds___-_---- | 90+ 15 SOOSLE (3S 10N Cee See ee eee 6.5 
Bitumen-soluble imi @Ss, pericente.- ss ene 99.5-+} 99.76 | 6082S (8202 Cay Ese Re aa ee oe aa ees eee 10.5 
Bitumen insoluble in 86° B. naphtha, per cent____-_---------- 6.0+] 13.50 || 6262 JBi(380% Cs) eee es Be ee Se eee ee 14.5 
Distillation, A. S. T. M., D-20, modified: 1 | 6442 F(340° CC) a eee ee Oey eee ee eee 18.0 
Initial bolie point, oetaee eee ae sone eae [peer a. Sean 250 66200 RE (8508 Ce Se eee ee ee 21. 5 
Percentage, by volume, of distillate to— | 680° LES: (8608 (C,) Soc ee ee ee eee 26. 5 
5002 SEAN 2602. ©) es tan ee ee ae ee i BA ee 0.2 Float test on residue at 122° F. (50° C.), seconds_-------- 36 
5182 ee (O70GkO:). aa art ee ee Pe eee Pee eee eS ot ae 0.5 Residue'solublein' @Ss,-percomts-csu ete ass ==. eee a eee 99.7 
GES Bee 20C5 Cis. Basen were ee ee ee oe PL ete | lees! Senos 1.0 

















_ ! Test made on 100 c. c. sample measured by weight on basis of specific gravity at 77° F.; bulb of thermometer immersed to a point 44 inch above bottom of flask; 
distillation stopped at 680° F., and residue immediately poured in tin box and cooled for consistency tests. 


TABLE 2.—Results of tests of asphaltic products for wearing course construction 





























————Sees ee ee 





: us f South Carolina, South Carolina, 150-200 
Florida, OH-1 modified OH-1 penetration asphalt 
Specification | Sections} Sec- General Specification | Sec- | Specification | Sec- | Sec- 
limits land 8 | tion 2 analyses limits tion 4 limits tion 4 | tion § 
Specific sravityahig/ oh na( 200 O,) ease seen eee eens Se ee eee eee 0.99+| 0.991 | 1.030 | 1.083 | 1.033 0. 98+-| 1.006 | 1.00+| 1.032 | 1.0382 
Hash point (Openicup) cp heres seme eenenmee tse see eee Stee eee 212 (100° C.)+| 285 435 420 400 | 176 (80° C.)+! 285 | 347 (175° C.)+) 480 465 
Speciticnviscosity, Mugler jab 212°" (1008 ©.) save wune. Came e eee Rose een nee 63.9 | 216.4 | 196.9 | 332.0 606 C8329 ee een ae eee ae oe ee 
Specifie viscosity, Mugler at s02°Ha(1b0c Cyne eae seen ees 7. 5-20. 0 8.2] 21.3} 17.5 : 
HMloatitest at: 90° (82e.@.)) seconds assess seen ee Seen eas 
Float test at 122° F. (50° Oa: SOCONUStE Sass se at eae eee me eee 
Penetration at, 772s (2501s) eat ee ee ee eee 
Isossrat 82550, (168°C 2) 1s hours, per colle: =a = eae een eames 
Float test on residue at 122° F. (50° C.), seconds_-.-.--____.--_- 
_ Penetration of residue at 77° F. (25° C.), per cent 
Bitumen: solubleini@ sanper con tame eee eee eee eee 
_ Organic matter Insoluble, per cet ssc2- 22 ssssesenewacces seen ooee 
Bitumen insoluble in 86° B. naphtha, per cent---------------_---.-- 
Distillation, A. S. T. M. method D-2( ,modified: 1 
initial holling point, Cur Seeks es SNES er eee ee ee os |e ee ene SOO: Se se Alero 
Percentage, by volume, of distillation to— | 
654° ERS (200° C2) eee ae ee eee 2 EB inde ten | | ee 0. 2ujn52 2 sec ces ce ees beeen oa See 
B72? BS (B00° Ci) cis en a AN ad See | [cit an | GOR fom | Ae nL Ou bse cael eres Ses. | Sa aeeal ae 
BOOTH. (310° Oy Nee eo ee ak 0 aa a | age | a | |e | en 0, 8\oes. 2eecee se ee ee |e a ee 
608°: (820 CO) see eee 2 ES Ee Se ee een Op DEAK ale Cet eae ee hh Oe 1.2 | 222 See 
626? R. (8803 | O,)as eee LC te ee ee ee 120) eae aS TE Pe eee ee 1.6) eo 2 ee eee 
6445 (3402 Oly ase boc Sid 2) eae GP eee aC O ee ee eee i Iasi Lene 8 | Ne eae ee 2:0 Vee soes 32s Je ae ee See 
6622). (8502'C:;) 55 2 eae Se aa ey eee eee eee 2: Bal Ue ae a aN al REPRE Brey SS 8. 0 |esseesacs ace eee eee eee 
G802NE: (860903) 25 Bel res Ae eT oe ee os | ee 5.0 .0 i) eae ee a 6.0 |a cs See Eee eee 
Float test on residue at 122° F, (60° C;), seconds____22.--.-.-.-2|\_-2.- se oleeee 1°70) | Soree NC Aiae | ea AS se tn el 122 |_bao mole 6 |e ee 
Residuaisoltible imi@ Sawer conti. a seems eee eam aes arin a | eae Cre 90 '7| alee See ae Rate ee are See 09).4 |patcloslase sees Gees | 
































distillation stopped at 680° F., and residue immediately poured in tin box and cooled for consistency tests. 


1 Test made on 100 cc. sample measured by weight on basis of specific gravity at 77° F.; bulb of thermometer immersed to a point 4 inch above bottom of flask; 
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TaBLe 3.—Results of tests of asphaltic products used for seal coat and resealing in South Carolina 
LA-5 OC-2 AC-2 AC-2L AC-2 
Ci | ee Eb 
| & . | =] 
| Specification | Seal on | Seal on | Specification | a Specification | Beseal | specification | Seal 
limits sec. 4 | sec. 4 limits cod at oa dima ar | limits oat 
*. — = ‘ = | 
BPPCIMOETOViuys OOcuet (LOND: ©. )ies a soces se Q5 
eta ee fide “ oe (Oh) Agape ie SS Gite MN eee Re TO Ey 2k bens wets: "0, 944 ee eee eer vote A Rage 
Bee RODOINCUD Jy et ota fact oe sg wm de dito nese 200 (93° C.)-++| 235 140 | 90 (32° C.)-+) 100 | 90 (32 2 O)+) . 95 | | 90 (32° C.)+] 95 
Specific viscosity, Engler, at 122° ¥. (50° C.)_____-----_-___.__-.21.. Wasa a SY a 27,2 a rie ae | She fae ea ee as hat ae es 
peeoiie pean h songs By ISTHE (LOOPS Cs em emennt ak x 5 Ty Sy gl 28 oe Fil ee okt f 
oss at 325° F. (16 BDAROUTS 4 DOL. COUUE eee et Nien at Pte Ae ME ose wlneDO sGuiin nnn essels 5 iy a oe ee STAG ay Ge gle 0 iis ei am 
nq pos eae ie pelle at 122° rp (OWON ssecondsie sales eh nena i beeen ey 2B E6 ae He aa aa ssidl nics | nee C 
sphalt content, 15) penetration per CON Tae er ae ate Oe es Cs a pas ioe i ee oe | Oo aa Pr 76.9 ‘ih an RES Taal (OME 1M dol tae ee ees | "eq 
Asphalt content, 100 penetration, per cent _._._..-..-22.2sssns a son planted Le Be ieee Tiare aeeee Mies 
s@ Ductility of asphalt, 100 penetration. ..__----___---.-__-________. O51 gM (tsa | Re we IPE ves INS Sn ae Bhar me gabe ebel (Alp ics Set Faas each 
Binion SOM LOMnA@.s9, DOr Cent. oo -- ts. een ho Mh Nh 99. 5+] 99. 86 OOO le ene te eb one |" ee Gere hy Laat Bec ee: es i 
ee pe tes BeDSDATHAY DOL Ceniueeeen oc) ape lrans MES ge Coreg yrs eee Ss Tcl Wik llc 52 Sah he OE ie oe ae Ee an OMY ar eg OREN GRC ne Aes 
itumen soluble in iL ape 5 EAS oh ee Ee I ig Sa She CARO 2s have Guat eam Goris tee SoNasirag) och mann 99. 8--| 99.86 
ee ee an Gen re | 99.8+) 99.7 99, 8+| 99. 88 99,8+| 99. 86 
Arr Ae Gaon” of total distillation to— | 
: ‘Neste Shee Ee 32 te ei ee Res Eo eee |e Ceres ©) eecreales wees 5. 0— 0 5.0— 0 | 5.0 0 
B02" Fe C150" O.) sone nanan nena b enna ge eee Kee yee hae ae a ihe, Teo 17.0— 6.0 15.0—| 7.0 17.0— 6.5 
_ CAG LN KOT? (Ged) So ee aa. Gees Rese Race aene ae alee eee NOEL Meee Nae ES be (Cane Nee ee lie 37.0—| 25.0 | 85) 0 |) 28:0 37.0—| 25.0 
Lsanieeeil, lovey dikes oveybals Wd ek OE tS eek Se De eae 0 ee ONE Bee, ee) 5a SON SE 536 DECE Ae ee 302 | 310 356 
DIChinuiOn mm SM SD) oOMTMOC Ted tg te Weis em ackT ye Re Mists CG rp orate WN aut I Mea ce Scam Me 8 Rc Ro ae ale ae ane 
Percentage, by volume, of distillation to— 
Stam eO eu On) emennieae. See kt a FO Pe te eS Sie Ree sree Saal | Sie oo OS Site pee meeee oa be sooo. eS \ 
302° F. (150° (Oh) ee Ree ees ole ee core Oat Maree IE ONY eee eS eee 0.8 a ate TIN ores (alas ae eae law Ort, [ae PC 
PUES CO LEAS eee sepa ee Ed Ye ee (eee eens ELS spy Dace Rae a (Ka Pi wese et oo ee ee eR RRR Ct, 
SN Oo aoe eee ne oe eee |awe -aeus cua ede VES A Fe 2-0 Bd ya Ye LS ra a i aa op VRE ABO Rl eae 
Se ET (6,1 ARS IT i ire IO ESR AOU OS EEE Ge tw ha OM eG Nid he as 4.0 eye gern GIO Tetecr is cena ae see 
374° F. Bae Oy) ere ee ohn Se as eee ee Tee et Sore Cres Lge ee en EY ee OD p eae ae Be ©. E (ety eee Sees LORD ealeace = aoe 3.0 
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_ 1 Test made on 100 c. c. sample measured by weight on basis of specific gravity at 77° F.; bulb of thermometer immersed to a point 14 inch above bottom of flask 
distillation stopped at 680° F., and residue immediately poured in tin box and cooled for consistency tests. 


APPENDIX III 


ANALYSES OF BITUMINOUS MATS 


Analyses of samples of the bituminous surface mats 
from each of the sections surveyed are reported in the 
accompanying table. These mat surfaces should not 
be considered as paving mixtures, as no mixing process 
was involved in their construction. A considerable 
variation in composition is therefore to be expected, 
especially in view of the fact that in cutting specimens, 
more or less of the primed base adheres to the mat 
proper. In addition, a nonskid surface of the character 
which it was desired to produce traps more or less 
surface soil, sand, etc. As no method has been de- 
veloped for separating the mat proper from these ex- 


traneous materials, their presence causes a variation in 
the analyses in proportion to the amounts adhering to 
the specimens. 

Analyses of the mats are of value in determining the 
tendency of the aggregate to crush and wear down under 
traffic, and in measuring the consistency of the bitumin- 
nous material at various ages to determine its change in 
consistency, as well as its power to hold the aggregate 
required for cover. 

The general trend of analyses of samples from sections 
2 years or more of age indicates greater hardening of the 
asphaltic material over the tar prime coats than over 
the asphaltic oil prime coats. This is seen by com- 
paring samples W-1 and W-7 with W-29, W-30, and 
W-31, and also with Florida 28, 32, and 36. Sample 
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W-23 appears to be an exception which may be due to 
the road having been patched at this particular loca- 
tion. Whether the hardening over a tar prime coat 
is normal, or accelerated by the presence of tar, remains 
to be ascertained. The apparent softening in the case 
of sample W-7 is probably due to the presence of a 
relatively large amount of the asphaltic oil prime coat 
which was not thoroughly absorbed by the base. In 
general, the indicated hardening of the bituminous 
materials as shown appears to be beneficial rather than 
detrimental to the stability of the mat. 


TABLE 1.—Results of analysis of 


Although the amount of bitumen recovered from 
section 1 was not abnormally low, the surface when in- 
spected showed a rather hard brittle mat, indicating a 
need of further bituminous treatment in the near 
future. The asphaltic product originally appled had 
a relatively low viscosity, which would tend to produce 
very thin films over the particles of a dense mineral 
aggregate. Use of a more viscous product resulting in 
thicker films after the very thorough compaction which 
has taken place on this particular section would prob- 
ably have been advantageous. 


sections of bituminous surfaces 











































































































FLORIDA 
Section 1 Section 2 Section 3 
Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample 
28 BY) 36 5 15 Wi Wi7 W 23 W 29 W 30 W 31 
= | £. 
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LO to-40 mosh ee eae ee ee ee eee GOLe== 20.0 | 18.7 17.2 24.2 24.2 47.7 37.2 16.6 8.5 14.3 16, 2 
40 to 80 mesh____-_ er SY eee eee doses 21.0 | PW 17.7 Dine 24.1 | 20. 3 Ih 7 41.9 22.6 oe 29. 6 
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a ; | 
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SE EOS ELMS USC a eee ao ae { OH-1, modified OH-1, modified | OHH-1, modified OH-1, modified 
SOUTH CAROLINA 
Section 4 Section 5 
Sam- | Sam- | Sam- | Sam- | Sam- | Sam- | Sam- | Sam- | Sam- | Sam- | Sam- | Sam- | Sam- | Sam- 
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1 TC-1, 150-200 penetration asphalt. 


APPENDIX IV 


SPECIFICATIONS TYPICAL OF THOSE IN USE FOR MATERIALS AND 
METHODS OF CONSTRUCTING TOPSOIL AND SAND-CLAY SURFACES 


1 TOPSOIL AND NATURAL SAND-CLAY SURFACES 


NATURAL MIXTURES 


Description.—This item shall consist of topsoil or of 
a natural mixture of sand and clay properly propor- 
tioned, constructed on the prepared subgrade in con- 
formity with the lines, grades, compacted thickness, 
and typical cross section shown on the plans and in 
accordance with these specifications. 


MATERIALS 


Surfacing material—The surfacing material shall 
consist of topsoil or natural sand-clay obtained from 
fields or pits designated by the engineer. Before any 
surfacing material is used it shall first be subjected to 


laboratory test and approved by the engineer. The 
surfacing material shall be free from foreign matter and 
shall contain no stones that would fail to pass a 1% 
INCH Tin Come 


CONSTRUCTION METHODS 


Placing and mixing—The roadbed between the 
ditches shall be dressed to a true and uniform surface 
before the soil is applied. 

The approved topsoil or natural sand-clay shall be 
evenly spread on the subgrade to such depth that when 
compacted it will conform with the finished thickness 
shown on the plans. After sufficient material has been 
placed for approximately 100 lineal feet of road surface, 
and before any part of the material has commenced to 
pack, it shall be spread to approximately the required 
cross section. The spreading may be done with 
shovels or with a road machine, when so required. The 
surfaced portion of the road shall then be harrowed 


ee ee ee 


of a ee 
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with either a spike tooth or disk harrow until it is of 
uniform texture. Should any portion of the surface 
of the topsoil or natural sand-clay mixture become 
uneven and consolidate in that condition, the contrac- 
tor will be required to thoroughly break same by plow- 
ing and harrowing and to reshape the surface at his 
own expense. Should the surface when finally shaped 
show a deficiency in thickness, or should depressions 
occur in the surface, the contractor shall scarify or plow 
such sections and spread additional material where 
required. 

Maintenance.—For at least 30 days prior to final ac- 
ceptance the contractor shall maintain the surface 
under public traffic, true to the cross section specified, 
by use of a road machine, drag, or other means satis- 
factory to the engineer. ee OR 


2. SAND-CLAY SURFACES 


ARTIFICIAL MIXTURE 


Description.—This item shall consist of an artificial 
mixture of sand and clay, properly proportioned and 
mixed, constructed on the prepared subgrade, in con- 
formity with the lines, grades, compacted thickness, and 
typical cross-section shown on the plans and in accord- 
ance with these specifications. 


MATERIALS 


Surfacing material.—The surfacing material shall con- 
sist of an artificial mixture of sand and clay. The 
materials for such artificial mixture shall be obtained 
from places designated by the engineer. 

Before any surfacing material is used it shall first be 
subjected to laboratory tests and approved by the 
engineer. The surfacing material shall be free from 
foreign matter and shall contain no stones that would 
Paslevo, passa 1 e-inch ring 2%) ) \* 


CONSTRUCTION METHODS 


Placing and mizxing—The roadbed between the 
ditches shall be dressed to a true and uniform surface 
before the sand or clay is applied. The contractor 
shall haul and uniformly place upon the road, in ac- 
cordance with the specifications, the sand or clay 
selected, as hereinbefore provided, in such quantities 
as may be directed by the engineer. * * * 

The contractor shall mix the sand or clay hauled 
with the sand or clay in the subgrade with plow, disk 
and spike-tooth harrow, or other satisfactory means, 
until the surfacing material is of uniform texture. 

In any case where the existing roadway is composed 
of sand and clay which, in the opinion of the engineer, 
will make a satisfactory surface, the contractor shall 
mix and shape the existing surfacing material as herein 
specified, for which work he will be. paid the unit price 
per square yard set forth in the attached proposal for 
mixing, shaping, and finishing. 

Should any depressions appear, they are to be scari- 
fied and filled with an approved sand-clay mixture, so 
that the finished surface will conform to the cross sec- 
tion specified, and on written instruction from the 
engineer, the contractor shall at any time, during the 
term of this contract, apply additional sand or clay to 
the road surface, for ‘which the unit price set forth in 
the attached proposal, and above referred to, will be 


paid 





Maintenance.—For at least 30 days prior to final 
acceptance the contractor shall maintain the sand-clay 
surface under public traffic, true to the cross-section 
specified, by use of a road mac hine, drag, or other 
means satisfactory to the engineer. 


APPENDIX V 


SPECIFICATIONS TYPICAL OF THOSE USED IN THE BITUMINOUS 
SURFACE TREATMENT OF SAND-CLAY AND TOPSOIL ROADS 

Description.—This item shall consist of a bituminous 
surface mat constructed on the prepared road surface 
in accordance with the specifications and in conformity 
with the typical cross section shown on the plans and 
with the lines and grades as staked out by the engineer. 
The method of construction shall proceed substan- 
tially as follows in accordance with the detail require- 
ments of these specifications. 

(a) Unless the road to be treated has a well-bonded 
surface, true to the established crown and grade, it 
shall be scarified, reshaped and consolidated under 
traffic prior to surface treatment. 

(6)-The prepared road surface shall be thoroughly 
swept for the entire width of the treatment. 

(c) A prime coat of light bituminous material shall 
be applied by means of a pressure distributor. 

(d) After an interval of about 24 hours, as directed 
by the engineer, an application of hot bituminous 
material shall be made by means of a pressure distribu- 
tor and covered immediately with coarse mineral 
ageregate and rolled at once with a power roller. 

(e)' After a period of not less than two nor more 
than six months, as directed by the engineer, the bitu- 
minous surface shall be swept for its entire width and 
a seal coat of bituminous material shall then be applied 
by means of a pressure distributor. The seal coat shall 
be covered immediately with fine mineral aggregate 
and thoroughly rolled. 


MATERIALS 


Bituminous materials—The bituminous materials 
shall meet the following requirements for the purposes 
indicated. 

(A) Tar for first (prime) application. 
conform to the following requirements: 


The tar shall 


(a) Water, not more than 2 
(6b) Specific viscosity, 
(104° F.), 8 to 13. 
(c) Distillation test on water-free material: 
Total distillate, by weight, 0 to 170° C. 
not more than 7 per cent. 
Total distillate, by weight, 0 to 235° C. (82 to 455° F), 
not more than 20 per cent. 
Total distillate, by weight, 0 to 270° C. (82 to 518° F.), 
not more than 30 per cent. 
Total distillate, by weight, 0 to 300° C. (82 to 572° F.), 
not more than 35 per cent. 
(d) Specific gravity at 25°/25° C. (77°/77° F.) of total dis- 
tillate to 300° C. (572° F.), not less than 1.01. 
(e) Softening point (ring-and-ball method) of residue from 
distillation test—not more than 60° C. (140° F.) 
(f) Total bitumen (soluble in carbon disulphide)—88 to 97 
per cent. 


(B) Asphalt for second (hot) application. 
asphalt shall be homogeneous, free from water, 
shall not foam when heated to Wa AONE Veal egy 
shall meet the following requirements: 


1. Specific gravity 25°/25° C. (77°/77° F.), not less than 1.000. 
2. Flash point, not less than 175° C. (347° F.). 


per cent. 
Engler, 50 cubic centimeters at 40° C. 


(32 to 338° F.), 


The 
and 


It 





1Applies to South Carolina only, other States apply this treatment under mainte- 
nance and only when necessary. 
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3. Penetration at 25° C. (77° F.), 100 grams, 5 seconds, 150 
to 200. 
4. Loss at 163° C. (325° F.), 50 grams, 5 hours, not more than 
2 per cent. 
(a) Penetration of residue at 25° C. (77° F.), 100 grams, 
5 seconds, as compared to penetration before heating, not 
less than 60 per cent. 
5. Bitumen (soluble in carbon disulphide), not less than 99.5 
per cent. 


(a) Organic matter insoluble, not more than 0.2 per cent. 


(C) Cut-back asphalt for third (seal) application. 
The cut-back asphalt shall conform to the following 
requirements: 

1. Specific gravity (at 25° C.), not less than 0.92. 

2. Specific viscosity (Engler), at 50° C., 15 to 25. 

3. Flash point (open cup), not less than 90° F. 

4, Loss by evaporation, 50 grams, 5 hours at 163° C, not less 
than 23 per cent. 

5. Solubility in CCl, not less than 99.8 per cent. 

6. Distillation: 

Total distillate at 100° C., not more than 5 per cent 
(by volume). 

Total distillate at 150° C., not more than 15 per cent 
(by volume). 

Total distillate at 205° C., not more than 35 per cent 
(by volume). 

Asphalt content at 100 penetration, 63 to 75 per cent 

Coarse mineral aggregate—The coarse mineral aggre- 
gate used for cover for the hot asphalt shall consist of 
approved slag, or broken stone free from dust, thin or 
elongated pieces, dirt, or other objectionable matter 
occurring either free or as a coating on the aggregate. 
Stone from which it is produced shall have a per cent 
of wear of not more than 6 and a toughness of not less 
than 5. The coarse aggregate shall meet the following 
requirements: 

Retained on a 1%-inch screen (circular openings) ------- None. 
Passing a 14-inch screen (circular openings) -_per cent_. 90-100 


Passing a 34-inch screen (circular openings) ---__-- dozs-=) 25— 1/5 
Passing a %-inch screen (circular openings), not more 
than Bi Ase 2 ae a Bs ae eee eee per cent__ 10 


Fine mineral aggregate.—The fine mineral aggregate 
used for cover for seal coat shall conform with either 
of the following sets of requirements. 

(a) Crushed limestone: The crushed limestone shall 
have a per cent of wear of not more than 5 and a tough- 
ness of not less than 8. The material shall meet the 
following grading requirements: 


Passing %-inch screen (circular openings) ___-_ per cent_- 100 
Passing \%-inch screen (circular openings) not more 
Ghlaaats Ye ek Pe ae ei Pee ey a eee per cent__ 7 


(b) Crushed granite: The crushed granite shall have 
a per cent of wear of not more than 5 and a toughness 
of not less than 8. It shall meet the following grading 


requirements: 
Passing %4-inch screen (circular openings) ____- per cent_-_ 100 
Passing -inch screen (circular openings) ________ doz... 25-75 
Passing 4-inch screen (circular openings), not more 

thansue sees ee eee ee ee eee per cent__ 25 
Passing 10-mesh sieve, not more than___________ doles 3 


CONSTRUCTION METHODS 


Reshaping existing road surface——If{ the road to be 
surface treated is not well bonded, thoroughly and 
evenly compacted, and true to established contour and 
grade it shall be spiked, harrowed, bladed, and main- 
tained by blading or dragging for a period of at least 
30 days under traffic and until the desired condition is 
obtained. Traffic shall be distributed by the use of 
suitable barricades, moved from time to time so that 
uniform compaction of the entire surface is obtained. 


While the road is being consolidated under traffic a 
stabilizing layer 1 of bank-run washed gravel which will 
pass a %-Inch screen and 40 per cent of which will be 
retained on a %-inch screen, shall be spread over the 
surface at the rate of 20 pounds per square yard. This 
stabilizer shall be placed after the surface has been 
brought to final grade and contour. During main- 
tenance under traffic the blader shall, from time to 
time, be so operated as to throw back onto the road 
any loose gravel that has worked onto the shoulder. 

Sweeping prepared road surface——All dust, dirt, 
caked clay, loose and foreign material shall be removed 
for the full width to be treated by sweeping with re- 
volving brooms or other approved mechanical sweepers 
supplemented by hand brooms. Dust or other loose 
material in depressions or other places not reached by 
mechanical sweepers shall be swept with hand brooms. 
Particular care shall be taken to clean thoroughly the 
outer edges of the strip to be treated, especially ad- 
jacent to stock piles of coarse or fine aggregate that 
may have been placed on the roadway, and, if necessary, 
such coarse or fine aggregate shall be shoveled back 
before brooming. Sweeping shall continue until all of 
the dust or loose dirt is removed and the surfaces of 
the larger size aggregate in the road surface are exposed. 

General requirements for application of bituminous 
materials —Bituminous materials shall not be applied 
on a wet surface nor when the temperature of the air 
is less than 50° F. in the shade, provided that when the 


engineer so directs, the asphaltic seal coat only may be 


applied when such temperature is not less than 40°. F. 

All bituminous materials shall be applied uniformly 
by means of an approved pressure distributor for the 
full width of the treatment at one application unless, 
due to the impracticability of detouring highway 
traffic, the engineer directs that they be applied to 
only one-half width of the road at one time. If the 
pressure distributor is mounted on a truck having 
only four wheels, it shall not be loaded in excess of 
600 gallons of bituminous material, and it shall be 
equipped with tires having a sufficient width of rub- 
ber in contact with the prepared road surface to 
avoid breaking the bond of or forming a rut in such 
surfacing. 

The distance between the centers of openings of the 
outside nozzles of the manifold shall be 20 feet within 
an allowed variation of 2 inches. The outside nozzle 
at each end of the manifold shall have an area of open- 
ing not less than 25 per cent, nor more than 75 per 
cent in excess of the other nozzles, which shall have 
uniform openings. 

If one or more nozzles should become blocked during 
the application of bituminous materials, the distrib- 
utor shall be stopped immediately and the nozzle or 
nozzles cleaned out before it proceeds, unless, during 
the application of prime and seal coats only, the en- 
gineer may direct that application be continued and 
subsequently be made uniform by the use of hand hose 
equipped with nozzle, or hand-pouring pots. When the 
engineer directs that application be made over one-half 
width of the road at one time, all of the nozzles, ex- 
cept the one toward the outside of the road, shall have 
the same size opening; and great care shall be taken to 
see that there is a slight longitudinal overlapping of 
the two applications along the center line of the road 
so as to insure complete coverage. In all cases the 


1 This stabilizer is used in Florida when directed by the engineer. 
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distribution shall be stopped when the application be- 
gins to run light, just before the distributor tank is 
completely empty, and care shall be taken to insure 
that in beginning the distribution of the next load a 
proper junction is made with the preceding work. Any 
excess of bituminous material at the transverse junc- 
tion between distributor loads shall be removed and 
corrected in a satisfactory manner, and any parts of 
the surface to be treated which is not covered with 
bituminous material directly from the distributor shall 
be covered by means of a hand hose equipped with 
nozzle, or hand-pouring pot. 

In addition to being applied uniformly, each dis- 
tributor load of bituminous material must be applied 
at a rate within 10 per cent of the amount per square 
yard hereinafter specified. If the contractor should 
be unable to keep the application of bituminous 
materials consistently within this allowed variation, 
he shall discontinue operation until he can provide an 
operator of greater experience or a better distributor 
or both, or shall take such other precautions as may 
be necessary to keep the application within these 
limits. 

Application of prime coat.—The bituminous primer 
shall not be heated to a temperature greater than 150° 
F. and shall be applied at a temperature of not less 
than 125° F. It shall not be applied until the road 
surface has compacted and bonded under traffic to 
the satisfaction of the engineer, nor unless the surface 
conforms to the typical cross section shown on the 
plans and to the lines and grades staked out by the 
engineer, and then only when the surface has been 
properly swept, is firm, compact, and dry, or, if the 
engineer so directs, when the surface is slightly damp 
but with no signs of free moisture and is firm enough 
to show no appreciable deformation under the rear 
tires of a loaded distributor. 

After the prime coat has been applied, and unless it 
is impracticable to detour highway traffic, the con- 
tractor shall keep all traffic off of the road until, in the 
opinion of the engineer, the bituminous material has 
penetrated and dried out so as not to pick up under 
traffic. In cases where traffic is permitted by the en- 
gineer, the contractor shall spread the minimum neces- 
sary amount of approved cover material over the 
bituminous primer to avoid its picking up. The primer, 
whether covered or not, shall be applied at a uniform 
rate of not less than 0.3 gallon per square yard and, if 
the engineer so directs, at any increased minimum rate 
up to 0.35 gallon per square yard, if in his judgment the 
road surface is sufficiently absorptive to warrant such 
increase. 

The contractor shall maintain the prime coat treat- 
ment intact until it shall have been covered by applica- 
tion of the hot asphalt. He shall clean out any spots 
where the prime coat may have failed, due to disintegra- 
tion of the underlying surfacing, and the exposed areas 
so produced shall be lightly scarified, dampened, refilled 
with selected surfacing material similar to that used 
in the adjacent portion of the road, and thoroughly 
tamped while still damp so as to conform with the 
general crown and surface of the road, after which 
bituminous primer shall be applied with a hand hose 
equipped with nozzle or with a hand-pouring pot. If, 
however, the engineer so directs, the addition of new 
selected surfacing material shall be omitted in making 


such repairs, in which case the bituminous primer shall 
be reapplied after thorough sweeping, and the depres- 
sion filled with crushed stone so as to bring it true to 
grade and crown. Should failures in the prime coat 
occur due to any other reasons, the contractor shall 
repair them in an adequate and workmanlike manner 
to the satisfaction of the engineer before the application 
of hot asphalt. If required by the engineer, the primed 
surface shall be thoroughly swept prior to application 
of the hot asphalt. 

Application of hot asphalt—The asphalt shall not be 
heated to a temperature greater than 350° F. and shall 
be applied at a temperature of not less than 275° F. 
It shall be applied at a uniform rate of 0.4 gallon per 
square yard with an allowable 10 per cent variation 
and only when the prime coat is firm and intact. 

Spreading and rolling coarse mineral aggregate.— 
Immediately after the hot asphalt has been applied, it 
shall be uniformly covered with not less than 50 pounds 
of coarse aggregate per square yard. The aggregate 
shall be spread by casting it with shovels in a longi- 
tudinal direction from piles previously placed along the 
shoulders of the road or directly from trucks or by 
approved mechanical spreaders, provided such trucks 
or spreaders do not drive on the uncovered asphalt. 
If, due to the impracticability of detouring highway 
traffic, the engineer may have directed that the hot 
asphalt be applied to only one-half width of the road 
at a time, the coarse aggregate shall be spread only to 
within 8 inches of the edge of the application along the 
center of the road until the hot asphalt shall have been 
applied to the remaining half of the road. 

The spreading of coarse aggregate shall at all times 
be kept to within not less than 700 feet from where the 
hot asphalt is being applied and, immediately after 
spreading, two men equipped with hand brooms shall 
broom off all high spots where the coarse aggregate 
has been spread too thick. 

Immediately after spreading and brooming the 
coarse aggregate shall be rolled with a power roller 
weighing not less than 5 nor more than 10 tons. Roll- 
ing shall proceed in a longitudinal direction beginning 
at the outer edges of the treatment and working toward 
the center, each trip overlapping the prior trip by 
about one-half the width of the front roll. The first 
rolling of the coarse aggregate must be completed 
within one-half hour after it has been spread. Rolling 
shall be continued until a uniformly closed surface has 
been obtained. Traffic shall be allowed to use the road 
as soon as the coarse aggregate has been spread, and 
after several days of such traffic, all loose aggregate shall 
be broomed evenly over the surface and again rolled 
as specified above. 

Sweeping surface treatment—Immediately before the 
application of the asphaltic seal coat the surface treat- 
ment shall be thoroughly swept for its entire width until 
free from loose and extraneous material. 

Application of asphaltic seal coat.——The cut-back 
asphalt used for the seal coat shall not be heated to a 
temperature above that of its flash point, and shall be 
applied at a temperature of not less than 20° F’. below 
that of its flash point. It shall be applied only when 
the surface treatment is- clean, firm, and intact, and 
free from any signs of moisture. It shall be applied 
at a uniform rate of 0.2 gallon to 0.25 gallon per square 
yard as directed by the engineer. 
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Spreading fine aggregate.—As soon as the asphaltic 
seal coat has been applied, it shall be uniformly covered 
immediately with 20 pounds per square yard of fine 
aggregate. The aggregate shall be spread by casting 
it with shovels in a longitudinal direction from piles 
previously placed along the shoulders of the road, or 
directly from trucks or by approved mechanical 
spreaders, provided such trucks or spreaders do not 
drive on the uncovered asphaltic seal coat. If, due to 
the impracticability of detouring highway traffic, the 
engineer may have directed that the asphaltic seal coat 
be applied to only one-half the width of the road at a 
time, the fine aggregate shall be spread only to within 
8 inches of the edge of the application along the center 
of the road until the asphaltic seal coat shall have been 
applied to the remaining half of the road. Fine aggre- 
gate shall be spread as soon after the application of the 
asphaltic seal coat as may be practicable and within 
not less than one hour after said application, unless the 
engineer directs the contractor to delay such spread- 
ing to not exceeding six hours when for any reason 
the cut-back asphalt is absorbed more slowly than 
usual. 

After the fine aggregate has been spread, it shall be 
dragged with a broom drag which shall be long enough 
to cover either one-half or the full width of the treat- 
ment, and which shall be hinged at points not farther 
apart than one-fourth of the width of the treatment, 
so that it will conform to the crown thereof. This 
dragging shall be repeated from time to time as directed 
until the seal coat shall, in the opinion of the engineer, 
have set up sufficiently so that continued dragging 
would: not materially improve the riding qualities of 
the completed surface treatment. It shall then be 
rolled with a power roller weighing not less than 5 nor 
more than 10 tons. Rolling shall proceed in a longi- 
tudinal direction beginning at the outer edges of the 
treatment and working toward the center, each trip 
overlapping the prior trip by about one-half the width 
of the front roll. The rolling shall be repeated fiom 
time to time while the seal coat is setting up as may be 
necessary to firmly imbed the fine aggregate in the 
asphaltic seal coat and produce a uniformly closed 
surface. 

During the period of about two or three days that 
dragging and rolling may be necessary, the contractor 
shall respread the fine aggregate that may be whipped 
to the sides by traffic. Such respreading shall be done 
with shovels, hand brooms, or revolving broom, as 
and when directed by the engineer, so as to prevent 
“bleeding,” and to avoid the possibility of the asphaltic 
seal coat “picking up”’ under traffic. If the repeated 
respreading of the fine aggregate is inadequate for this 
purpose and the engineer so directs, the contractor 
shall spread additional fine aggregate as may be neces- 
sary to prevent such ‘‘bleeding”’ or ‘‘picking up.” 

The contractor shall keep traffic off the road from 
the time the asphaltic seal coat is applied until in the 
opinion of the engineer it has set up sufficiently to 
Ben the displacement of the fine aggregate by 
traiiec. 

Maintenance—The contractor shall maintain the 
road, including slopes, ditches, and surface treatments, 
from the time his operations begin until 30 days after 
final completion of any continuous section of road 
included in his contract. 
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1 Based on first 5 months of 1929 unless otherwise indicated. 
2 Partly constructed. 

3 Based on 2 months of 1929. 

4 Based on 3 months of 1929. 

5 Includes seal-coat treatment. 

8 Not over $300 in 1927. 


TasuLE 2.—Maintenance costs of untreated topsoil and sand-clay 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


Applicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is 
exhausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 
Report of the Chief of the Bureau of Public Roads, 1928. 
Report of the Chief of the Bureau of Public Roads, 1929. 


DEPARTMENT BULLETINS 


No. *1386D. Highway Bonds. 20c. 

257D. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 

*314D. Methods for the Examination of Bituminous Road 
Materials. 10c. 

*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 

*370D. The Results of Physical Tests of Road-Building 
Rocks  l5c: 

386D. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 

387D. Public Road Mileage and Revenues in the Southern 
States, 1914. 

388D. Public Road Mileage and Revenues in the New 
England States, 1914. 

390D. Public Road Mileage and Revenues in the United 
States, 1914. A Summary. 

407D. Progress Reports of Experiments in Dust Preven- 
tion and Road Preservation, 1915. 

463D. Earth, Sand-Clay, and Gravel Roads. 

*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10c. 

*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 

*§660D. Highway Cost Keeping. 10c. 

*670D. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 

*691D. Typical Specifications for Bituminous Road Mate- 
ridls-ee LOG: 

*724D. Drainage Methods and Foundations for County 
Roads. 20c. 

1216D. Tentative Standard Methods of Sampling and Test- 
ing Highway Materials, adopted by the Ameri- 
can Association of State Highway Officials and 
approved by the Secretary of Agriculture for use 
in connection with Federal-aid road construction. 

1259D. Standard Specifications for Steel Highway Bridges, 
adopted by the American Association of State 
Highway Officials and approved by the Secretary 
of Agriculture for use in connection with Federal- 
aid road work. 

1279D. Rural Highway Mileage, Income, and Expenditures 
1921 and 1922. 

1486D. Highway Bridge Location. 


DEPARTMENT CIRCULARS 


No. 94C. T. N. T. as a Blasting Explosive. 


331C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 


TECHNICAL BULLETIN 


No 55. Highway Bridge Surveys. 
MISCELLANEOUS CIRCULARS 
No. 62M. Standards Governing Plans, Specifications, Con- 


tract Forms, and Estimates for Federal-Aid 
: Highway Projects. 
*93M. Direct Production Costs of Broken Stone. 25c. 
*109M. Federal Legislation and Regulations Relating to the 
Improvement of Federal-Aid Roads and National- 


Forest Roads and Trails. 10c. 


SEPARATE REPRINTS FROM THE YEARBOOK 
No. 914Y. Highways and Highway Transportation. 
937Y. Miscellaneous Agricultural Statistics, 


1086Y. Road Work on Farm Outlets Needs 
Right Equipment. 


Skill and 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Connecticut. 

Report of a Survey of Transportation on the State Highway 
System of Ohio. 

Report of a Survey of Transportation on the State Highways of 
Vermont. 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. 

Report of a Plan of Highway Improvement in the Regional Area 
of Cleveland, Ohio. 

Report of a Survey of Transportation on the State Highways of 
Pennsylvania. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 


Vol. 5, No. 17, D— 2. Effect of Controllable Variables upon the 
Penetration Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 19, D- 3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 

Vol. 5, No. 24, D-'6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 6, No. 6, D- 8. Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 


crete Slab Subjected to Eccentric 
Concentrated Loads. 





* Department supply exhausted. 
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